ABSTRACT A study was conducted to determine the effect of different feeding programs and energy intakes on the body composition of broiler breeders (BB) from 22 wk of age to 65 wk of age. Cobb 500 BB that had been reared using three growth curves: (1) the control group followed Cobb 500 guidelines (SBW) for target body weights (BW), (2) the second group target BW was 20% heavier (HBW) than the SBW group, and (3) the third group target BW was 20% lighter (LBW) than the SBW group. At 21 wk of age, pullets from each growth curve were assigned to be fed one of six treatments. Diets were formulated and allocated to provide 330, 360, 390, 420, 450, or 480 kcal ME/hen/d and 24 g protein/hen/d, at peak intake. Body composition (lean mass, fat mass, and mineral content) was measured by dual-energy x-ray absorptiometry throughout the production period. Significantly, greater (P < 0.05) amounts of fat mass and lower amounts of lean mass were evident at the beginning of the production period for HBW hens compared with SBW and LBW hens. Higher levels of energy intake also affected body composition. Namely, fat deposition was greatest throughout the production period in hens consuming 480 kcal/d at peak intake (P < 0.05). Critically, fluctuations to lean and fat mass throughout the production period are suggestive of underlying regulatory processes. Specifically, hens appears to maintain consistent lean mass throughout the production period with a coefficient of variation of <12% across all birds. The results of this study provide important BB body composition information from management and nutrition studies that showed the dynamics of body composition change during the production period.
INTRODUCTION
Feed restriction is a necessary tool to manage excessive body weight (BW) gain that may result in adverse effects on reproduction in broiler breeders. The daily intake for broiler breeder pullets may decrease by up to one-third of the normal feed intake of broilers of the same age fed ad libitum or half in birds of the same weight fed ad libitum (Savory and Kostal, 1996; De Jong et al., 2002) . The extent of feed restriction is often dictated by recommended target BW throughout the rearing period.
Knowledge of body composition and the changes that occur during the life cycle of current broiler breeder strains is important to understand how feeding practices and dietary nutrients might need to be adjusted to supply nutrients appropriate for the stage in growth, sexual maturation and level of egg production. Many report the importance of BW as a determinant for the onset of sexual maturity, though the potential impor- resulted in a 3 (BW) × 6 (peak kcal ME intakes) factorial arrangement (Tables 2 and 3 ) with a total of 18 treatments during the production period. Each bird was housed in individual cages (47 cm × 30.5 cm × 47 cm) and each cage was equipped with a nippletype drinker and individual feeder. Production performance was recorded daily during the trial. Egg weights were recorded every 5 wk by collecting and weighing all egg laid during the week. Diets (Table 1) were formulated to contain 2860 kcal ME/kg and six different amounts of crude protein (14.3%-20.8% CP). Feed allocation (Table 2 ) was based on egg production, rather than BW, and designed to provide peak ME kcal intakes of 330, 360, 390, 420, 450, or 480 kcal ME/hen/d and 24 g of ideal protein/hen/d at peak production. This was achieved by adjusting the peak feed intake per hen. The BW at 21 wk of age were a control group (SBW) that had been reared to Cobb 500 target BW and two other groups that were reared to 20% heavier (HBW) or 20% lighter (LBW) BW compared to the SBW group, respectively ( Tables 1 and 2 .
Body Composition Body composition of eight hens per treatment (144 total) was measured at 21, 30, 35, 46, 55, and 65 wk of age during the production period using a DEXA scanner (GE Lunar Prodigy, Encore software version 12.20.023) as previously described by Salas et al. (2012) except bids were scanned live. Briefly, birds were restrained and placed prone, un-anesthetized on the DEXA scanner and scanned utilizing the small animal software module (Lunar Prodigy from GE, encore software version 12.20.023). Defining the whole bird as the region of interest, the DEXA provided measurements in grams of bone mineral content (BMC), grams fat content and grams lean mass for each bird. The sum of the DEXA measurements was assumed to be grams total body mass. Results were evaluated using regression equations previously developed and validated using DEXA-reported measurements and actual chemical analysis of the body composition (Salas et al., 2012) .
Statistical Analysis
The trial was a completely randomized design with a factorial treatment structure. Growth curve, energy intake, and age were considered fixed effects for body composition data. Data were analyzed as repeated measures using the analysis of variance procedure of Age was not considered into the statistical model for egg production data, except for egg weight data that were analyzed as repeated measures. Each individual hen was considered the experimental unit. When there were significant treatment effects, means were separated using Student's t-test. Post-hoc trend contrasts were performed on egg production data to determine line shape across energy intake treatments after visual inspection of the data. The level of significance is reported at P < 0.05.
RESULTS
Analyzed daily energy intake for each diet was within 3% of target daily energy intake. No significant interactions effects were observed between growth curve, energy, and age, or growth curve by energy intake for body composition components at any age (Tables 3, 4 , and 5). When body composition components were expressed on an absolute weight basis (grams), significant interaction effects were observed between growth curve and time, and energy intake and age, respectively, for fat mass but not lean mass (Tables 4 and 5) . A significant energy intake by time effect was observed for BMC when expressed on an absolute weight basis. When body composition components were expressed on a percentage basis, significant interaction effects were observed between growth curve and time, as well as energy intake and time, for fat mass and lean mass, but not BMC.
The significant increase in fat mass (g) in HBW breeders carried through into production through 35 wk of age (Figure 1) . However, when viewed on a percentage basis, the initial fat mass increase in HBW breeders disappeared by week 30. Logically, energy intake had a significant effect on fat mass with hens consuming the higher energy intake, e.g., 480 kcal/d, having greater fat mass on both an absolute weight basis and percentage basis at all time periods. Energy intake also impacted lean mass deposition; however, the deposition trends were time specific. At 35 wk of age, hens consuming higher energy intakes showed greater lean mass deposition, but the opposite was observed at other time periods. BMC was significantly greater among hens consuming greater energy intakes but only when BMC was expressed on an absolute weight. No significant (P = 0.0592) growth curve by energy intake effect was observed for egg production, and no significant main effects were observed (Table 6 ). However, a significant quadratic fit was observed with energy intake, with peak production predicted to be between 390 kcal/d and 420 kcal/d. No significant effects were observed for age of first egg or egg weight.
DISCUSSION
There is evidence to suggest that carcass fat and a fat pool threshold are important for the onset of production (Bornstein et al., 1984; Hocking, 2004) . Hocking (2004) reported that the number of normal yellow follicles at Table 6 . Age of first egg and total egg production of broiler breeder hens reared to three different growth curves and fed six different levels of energy at peak production. the onset of lay and abdominal fatness were linearly related to BW. Renema et al. (2007) found that breeders photo-stimulated at 22 wk vs. 19 wk enter lay with more carcass fat but similar carcass protein. However, De Beer and Coon (2007) reported that carcass fat did not appear to be a limiting threshold for onset of sexual maturity. The concept of a protein threshold appears to be well supported in literature as well. Reports indicate that pullets enter lay at similar lean mass content, percentage ash and percentage carcass protein regardless of the degree of restriction (Soller et al., 1984) . Sun et al. (2006) showed that at first egg total carcass protein was very similar for ad libitum and feed-restricted hens, indicating the importance of protein mass for sexual maturity. Several reports indicate uniform lean mass and protein content are required in feed-restricted birds for the onset of production and that fat content alone is not enough to initiate sexual maturity (Bornstein et al., 1984; Soller et al., 1984; Wilson et al., 1995; Renema et al., 1999; Sun et al., 2006; de Beer and Coon, 2007) . Indeed, the results reported herein support the concept of a protein threshold rather than a fat threshold. There was a relatively constant body protein (across target BW), i.e., no significant difference was observed at light stimulation (week 21) in the present study (Table 3) , whereas body fat content significantly differed between growth curves to no effect on age of first egg, egg production, or egg weight. The coefficient of variation for lean mass throughout the entire production period was <12%. Though, given the small sample size for egg production data, the presence or absence of statistical difference should be taken with caution. A significant quadratic effect for energy intake was observed for egg production that may suggest main effect differences with a larger sample size. Ciacciariello and Gous (2005) found no difference in body composition between hens that had never laid, were poor layers or were good layers.
Although much work remains to be done in this area, several recent studies highlight what may be driving a protein threshold. First, fat requirements for egg production during early lay appear to be met primarily through lipogenesis. Salas et al. (2017) , using stable isotope tracers, found that deposition of palmitic acid into egg yolk during early lay was primarily through lipogenesis (through glucose) with limited amounts of fatty acids coming from feed and tissue. Salas et al. (2017) hypothesized that glucose generated through skeletal muscle breakdown, via gluconeogenic amino acids, served as building blocks for lipogenesis. Thus, fat deposition in the pullet transitioning into sexual maturity serves no direct "purpose." Second, Ekmay et al. (2013) reported that breeders during early lay (26 wk old) have a significant increase in fractional breakdown rates compared with pre-lay (22 wk old) pullets and return to similar, though marginally greater, breakdown rates by peak production (31 wk old). This trend was also observed by Vignale et al. (2017) in parent stock broiler breeders, though the increase in fractional breakdown rates was greatest at peak production. Furthermore, Ekmay et al. (2014) showed that isotopically labeled lysine in the skeletal muscle of 26 wk old breeders was a major source of lysine for early egg production. These results highlight a reason behind minimum body protein content before the onset of sexual maturity.
It has been reported that differences in live BW and composition of older hens can be attributed to nutritional factors (Pearson and Herron, 1981; Spratt and Leeson, 1987a,b) and that body composition is a function of level of feed allocation and egg production rate during the latter part of the laying period . Present results show that caloric intake had a significant effect on body composition, primarily to fat deposition, during the production period. A greater level of regulation is apparent to lean mass content, however, from 30 to 55 wk of age. The observed regulation may be due to the mobilization of body protein reported by Ekmay et al. (2013 Ekmay et al. ( , 2014 . Changes in BW can largely be attributed to increases in fat deposition that occurs after sexual maturity, consistent with the results of Salas et al. (2017) and Vignale et al. (2017) . It is only after 55 wk of age does one observe a decrease in fat content and an increase in lean mass content. These results suggest that fat (energy) is not limiting during peak egg production. Further, the increase in lean mass towards the latter stages of egg production may cause an increase in the requirement for energy and result in a need for more energy to cope with the higher energy requirement for maintenance, for lean mass production, and continued egg production. Similarly, Pearson and Herron (1981) indicated that energy intake restriction after peak reduces BW and carcass fat. Sun et al. (2006) and de Beer and Coon (2007) have also indicated that during production, as hen age increases, carcass protein decreases and fat content increases. Avila et al. (2003) found a decrease in CP as the birds' age.
Results of the present study suggest the importance of carcass protein status. BW status at sexual maturity had a significant impact on carcass composition. Further, the energy intakes evaluated in the present study did not impact carcass protein but had pronounced effects on carcass fat. The results of these studies show age dependent effects to body composition that occur during the production period of breeders and further evaluation is needed in this area to determine if this shift is due to physiological processes that are affecting hens' tissue deposition and mobilization.
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